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Computer Model for
Economic Study of
Unbleached Kraft
Paperboard
Production

Peter J. Ince, Research Forester
Forest Products Laboratory, Madison, Wis.

introduction

Unbleached kraft paperboard is produced from wood
fiber in fairly complex industrial papermaking
processes, typically in large paperboard mills. Such
mills usually include a wood preparation area, a kraft
digester, a chemical recovery process, a paper
machine, steam and power system, and related
facilities. Various publications and texts describe
these processes.1 Overall, in modern conventional
mills there is a general similarity in process design and
equipment configuration.

Because the production process is complex, any
changes in supplies, equipment, or design may have
far-reaching effects on material and energy
requiremnents, and costs and revenues. We have
designed a computer model to calculate those material
and energy requirements of the unbleached kraft
paperboard process and to estimate the associated
revenres and variable costs. This paper describes that
model.

*The Technical Association of the Puip and Paper Industry (TAPPI) has
recommended texts on these processes, of which two are:

Joint Textbook Committee of the Paper industry. Pulp and Paper
Manufacture Series, Vol. |, Il, and lil. 2d ed. (MacDonald, Ronald G.,
od.; Frankiin, John J., technical ed.) McGraw-Hill, New York; 1969.
(Available from Tappl.)

Casey, James P., ed. Pulp and Paper, Voi. |, II, and Ill. Wiley

Interscience, New York; 1968.
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The computer model uses a set of data consisting of ;-\.p
about 180 physical variables of the process and aiso 0
prices of various inputs and outputs. (It does not
include capital costs or fixed costs, such as <.-
administrative overhead or maintenance.) The data
include major process variables as well as many minor ' '_“
variables. As a result, the user is able to develop an N
understanding of the sensitivity of results to specific T
changes in the process. For example, the model can N,
be used to study the potential economic impact of a ‘
specific new technological development. First, given a -
set of data that represent a “conventional” process,
the user can operate the model on those data to obtain -.‘_; !
“base case’ resuits, the conventional process material Qn,‘.
and energy requirements, revenues and variable costs. &_:r
The user can then adjust all data variables that are ' -\,i
likely to change as a resuit of the new technological 6%- 't
development. The user can then again operate the ()
model using the adjusted variables as data to obtain
new resuits, new material and energy requirements, N
and new revenue and variable cost estimates. Resuits AT
can be compared to the base case results to provide an :-».:{-\.
understanding of the physical and economic impact of v
the new technology. Such results are useful in N
planning research, setting research goals and priorities, L.')‘
and in evaluating the economic potential cf results of
technical research and developments in pulping and L
papermaking. . '.-.::
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Scope of Model

The computer model is a detailed representation of a
modern unbleached kraft paperboard production
process. A general diagram of the process is shown in
figure 1. The model itself consists of nine separate
elements or subroutines. The subroutines are as
follows, in the order in which they are referenced by the
main program:

STPREP, which models stock preparation, additives,
paper machine, finishing, and shipping areas of the
process;

DIG, which models the digester, pulp washers, black
liquor evaporators, and concentrators area of the
process;

WDPREP, which models the wood preparation,
debarking, chipping, and chip-screening area of the
process;

RECBLR, which models the recovery boiler, lime kiln,
and recausticizing area of the process;

ELEC, which models electric power requirements of the
overall process;

STEAM, which models the steam system and electrical
cogeneration;

PWRBLR, which models the power boiler, coal
handling, and desulfurizing area of the process;

WATER, which models water supply and wastewater
treatment; and

SALES, which models sales revenues, material, energy,
and labor costs associated with the process.

The nine subroutines are described separately in detail.
Each subroutine requires a specific separate set of
data input, which is provided along with sample values.
A list of the mathematical calculations contained in
each subroutine is also included. A flow diagram,
showing the physical material and energy flows and
process areas associated with each subroutine, is
given whenever appropriate. Finally, a sample printout
from the computer model, based on the sample input
data, is provided as are user notes and guidelines for
application of the model. A complete listing of the
FORTRAN program is included in the Appendix.
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Model Subroutines

Subroutine STPREP: Stock preparation,
parer machine, finishing, and
shipping area

This subroutine calculates the quantities of various
inputs required in the stock preparation, paper
machine, finishing, and shipping area of the overall
process. It also reads prices of various inputs to that
area. The data required for this subroutine include
total finished paper or paperboard product output (in
dry tons per day), rates of use of chemicals and sizing
additives in stock preparation, moisture content of
sheet into and out of the paper machine dryer, and so
on. Altogether, 26 items of data are required. The
specific parameters, each assigned a four-letter code
name, are listed in alphabetical order:

ACID -Quantity of concentrated sulfuric acid added
to system in stock preparation (pounds/dry ton
of paper or paperboard produced).

ALUM -Quantity of alum added in stock preparation
as dry alum solids in liquid slurry (pounds/dry
ton of paper or paperboard produced).

DBKT -Paper or paperboard recycled as dry “broke”
and trim to stock preparation (ratio of total
paper or paperboard production).

DFOM -Quantity of defoamer additives in stock
preparation and machine areas (pounds/dry ton
of paper or paperboard produced).

DSMC -Moisture content of sheet entering heated
dryer section (ratio of total weight of sheet).

PACD -Purchase price, f.0.b. mill, of sutfuric acid
($/ton).

PALM -Purchase price, f.0.b. mill, of alum ($/ton).

PCOR -Price of recycled old corrugated, used as raw
material furnish in stock preparation ($/dry
ton).

PDFM -Purchase price, f.0.b. mill, of defoamer ($/ton).

PMND -Minimum density of paper or paperboard
product (dry pounds/1,000 feet?).

PPAP -Price of other recycled paper used as raw
material in stock preparation ($/dry ton).

PPDN -Average density of paper or paperboard
product (dry pounds/1,000 feet?).

PPMC -Average reel moisture content of paper or
paperboard product (total weight basis).

PPRD -Paper or paperboard production volume of the
mill (dry tons/day).

PRSN -Purchase price, f.0.b. mill, of rosin ($/ton).

PSLM -Purchase price, f.0.b. mill, of slimicide ($/ton).

PSTC -Purchase price, f.0.b. mill, of starch ($/ton).

RCOR -Recycled old corrugated raw material as a
ratio of total weight of paper (board) product
(decimal ratio of dry product weight). Recycled
furnish enters in stockprep.

-Yield or recovery weight for recycled oid
corrugated (ratio of raw material dry weight
recovered in product).

-Recycled paper raw material as a ratio of total
weight of paper (board) product (decimai ratio
of dry product weight).




» b TRTRTITITR > TSN i Tk e i At Raf Bt S St S 1 1 A A i S e bk o) L sk A Sl cul cp i fophy el ety I

:
A o
o 2
‘;
% o
e
-F:.{
} ::‘:
o) %
/
A\
' %
! Puipwood roundwood _ Bark & Power Boiler -:’t
- Wood Preparation fines Fuel handling Coal & o
- Debarking Power boiler & wood -
X . Chipping furnace fuel I
) Purchased chips Chip screening Desulfurizing ;

1
| el

.\
l(steam) N 1
| )

Chips

. > I Water Water Electric \l/ ‘
¥ supply > o power Electric n ik
process to < — =1 Cogeneration W

B AR

process ‘
¢ é‘ Wastewater Water @. i
treatment from | LA
[ ¢ process | p
» ;
» q& {
X \Z | e
4 Chemical Pulping |~ White liquor | S_f:
! (Digester) | N .¢
Concentrated ' ]
; Puip & : black Chemical Recovery e~y
Q) used liquor % Recovery furnace 1N
y chemicals & boiler e
9 V) Recausticizing bj\
Black Li it
Washing & ack Liquor )
) Prere?ining Evaporators & Lime s
Concentrators Lime ::- .
3 | "mud” £
X
, e 3
{ Pulp stock Lime Reburning '
. Mud washers o
b Lime kiln 2
': l.o.‘ -
9 Papermaking A
¥ Stock preparation Finish d Yol
N ~, Finished product ..
, Additives g aper or board) 3
| Paper machine (pap '..a*
Finishing & shipping -
L5
> *,
: ~
: o]
_; Figure 1.—Schematic of an unbleached kraft papermaking process. E-J_' 3
¥ 2
&
(4 ‘2 3,
1 22
{ 3

W SRR R
e -.::a Nk ety

A LI MY

.

OSSR (R

NHTadL \\gg‘.'ba

50825 vl I T SNy
Ry W ~ Sk .I' D

o R
‘t.,».".::':".h"a’*:se NS

»

)



>,

‘

.Ju'

e,

&

T

>
{

Y RPYD -Yield or recovery rate for recycled paper raw

54 material (ratio of raw material dry weight

¢ recovered in product).

._3 ROSN -Quantity of rosin added in stock preparation
~ as rosin solids (poundsi/dry ton of paper or
) paperboard produced).

l SLIM  -Quantity of slimicide additives (pounds/dry ton
A of product).

X STRC -Quantity of starch additives in stock

<, preparation as dry solids (pounds/dry ton of
- paperboard product).

\ SVAL -Average sales value, f.0.b. mill, of paper or
¥ paperboard product ($/dry ton).
: TRWD -Trimmed reel width on sheet roll winder
(inches).

Calculations in Subroutine STPREP are:

X
1
L Calculate total dry weight of chemical and sizing
S additives, assuming all of alum, starch, and rosin
= additives are in final product, plus one-haif of acid,
L defoamer, and slimicide additives, by weight

e (pounds/dry ton of product).

J,

N ADTV = ALUM + STRC + ROSN + 0.5 x (ACID + DFOM +
- SLIM)

,

:} Calculate quantity of recycled old corrugated used (dry
( tons/day):

) RCRT = RCOR x ((PPRD - (PPRD x ADTV/2000.0)YRCYD)

R
' :{ Calculate quantity of recycled paper used (dry

-;. tons/day):

-’j RPPT = RPAP x ((PPRD - (PPRD x ADTV/2000.0)VRPYD)

} Calculate wood pulp production quantity required (dry
. tons of pulp/day):

; ‘\: PROD = PPRD - (PPRD x ADTV/2000.0) - (RCRT x RCYD)-
: ‘:. (RPPT x RPYD)

-:: Caiculate total dry paper throughput of paper machine,

including product plus dry broke and dry trims volume

g~ recycled (dry tons/day):
. TDPT = PPRD + (PPRD x DBKT)

:':' Calculate average operational paper machine speed

. (lineal feet of finished paper sheet/min):

ASPD = ((PPRD/1440.0) x (2000.0)/(PPDN/1000.0)(TRWD/12.0)
Calculate maximum operational paper machine speed
(lineal feet of finished product /min).

MSPD = ((PPRD/1440.0) x (2000.0/(PMND/1000.0)/(TRWD/12.0)
Calculate total water removal in heated dryer section of
paper machine (tons/day):

TWRD = (TDPT/1.0 - DSMC)) - (TDPT/(1.0 - PPMC))

-u® LI s Ty Lg -, €
N e N e N e Y
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Calculate each additive required (tons/day):

TALM = PPRD x ALUM/2000.0
TACD = PPRD x ACID/2000.0
TSTC = PPRD x STRC/2000.0

TOFM = PPRD x DFOM/2000.0
TRSN = PPRD x ROSN/2000.0
TSLM = PPRD x SLIM/2000.0

A flow diagram (fig. 2) illustrates the process areas and
parameters modeled in this subroutine. The data
parameters are underlined and parameters calculated
(see list of calculations) in this subroutine are shown in
parentheses. Note that figure 2 includes parameters
related to steam demands and electric power factors
used in later subroutines.

Subroutine DIG: Digester, pulp washers,
black liquor evaporators, and
concentrators area

This subroutine calculates the quantities of inputs and
outputs in the digester(s), pulp washers, black liquor
evaporators, and concentrators area. Results are based
in part on the quantity of wood pulp required in stock
preparation, as derived by the previous subroutine.
Fourteen additional items of data are required for this
subroutine:

AACN -Active alkali concentration in white liquor
(pounds/cubic foot white liquor).

AALK -Active alkali (in white liquor entering digester),
sodium hydroxide and sodium sulfide in white
liquor, in sodium oxide weight equivalent
(decimal ratio of dry wood weight).

BSDS -Black liquor solids in weak black liquor from
digester and washers to evaporators (tons of
dry solids/dry ton of pulp).

CCBL -Solids content of concentrated black liquor,
exiting concentrators to sait cake mix tank in
recovery boiler area (liquor solids weight ratio
of total liquor).

CEBL -Solids content of evaporated black liquor,
exiting evaporators and entering concentrators
(liquor solids weight ratio of total liquor).

CNBL -Solids content of weak black liquor exiting
washers to evaporators (black liquor solids
weight ratio of total black liquor weight).

PWMC -Pulpwood moisture content entering chip feed
(decimal ratio of wet weight).

PYLD -Pulp yield, ovendry weight of pulp to dry
weight of pulp chip raw material entering
digester (decimal ratio).

SCLS -Total salt cake (sodium sulfate) losses, or
“make-up chemical’ requirements (salt cake
added in recovery) (pounds/dry ton of pulp).

SCPL -Salt cake loss in pulp out of washers (ratio of
total salt cake losses). (Remaining salt cake
losses are assumed to occur in evaporators,
recovery furnace, and recausticizing areas.)

N XX




Additives (tons/day):

Acid ——>

(TACD)
based on:
ACID @ SPACD/ton

AIum(;?AL

ALUM @ $ PALMW/ton

Defoamer ?
(TDFW)

DFOM @$PDFM/ton

Rosln—9

(TRSN)
ROSN @ $SPRSN/ton

Slimicide ——>
(TSLW)

SLIM @ $PSLM/ton

{PROD) dry tons puip/day

Pulp from washing &
pre-refining

Stock Preparation,
Refining &
Additives

Starch '—;
(TSTC)

STRC @ $PSTCiton

Electric power factors
from subroutine ELEC:
HP4), HPE), HPE)

& NP

Refined

Recycled
dry “broke"
& trims

recycled

V.

S

Recycled Paper & Board
(RCRT) dry tons recycled
old corrugated fiberboard/
day, @ $PCORudry ton
based on RCOR & RCYD

e'— (RPPT) dry tons other
recycled paper &

board/day, @ $PPAP/dry
ton based on RPAP & RPYD

stock with
additives &

materials

Steam demands
from subroutine
STEAM:

Machine
turbines

Hi-pres. steam for
machine turbines
. based on HPPM Ib

Paper Machine
Headbox &
Sheet Forming

(TOPT) dry tons total
throughput/day

thermal
drying

] steam/ton product

AN

(return to Med.-pres. process)

-~ == == Low-pres. steam for
auxil. & misc.,
based on SLPM
Ib steam/dry ton
product

Wet shest to

Hi-pres. steam
for thermocompressors,
\ based on HPTC Ib

Paper Machine
Thermal Drying

1 | stearwvdry ton

product
f& = =~ = — — —— Med.pres. steam
for thermal drying,
based on SMPD 1b

-/

Finishing &
Shipping

PPRD @

steamvVib water
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Figure 2.—Stock preparation, paper machine, tinishing and shipping area: Subroutine

STPREP.
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SOAP -Quantity of saponified fatty acids (soap)
recovered in soap skimmer in evaporator area
{soap will go to external tali oil plant) (dry
pounds/ton of wood chips into digester).

SOPP -Sales value, f.0.b. mill, of soap skimmings
($/ton).

TPSV -Turpentine sales value, f.0.b. mill ($/galion).

TURP -Turpentine recovery (gallons/ton of wood chips
into digester).

Calculations for Subroutine DIG are:
Calculate quantity of pulpwood chips required as input

to digester (dry tons/day):
PPWD = PROD/PYLD

Calculate turpentine recovery from wood chips:
{A) Calculate recovery (gallons/day):
TRPD = TURP x PPWD

(B) Turpentine specific gravity:
TSPG = 0.6

(C) Turpentine recovery (tons/day):
TRTD = TRPD x (0.13368) x (62.4) x TSPG/2000.0
Calculate black liquor solids to evaporators in weak
black liquor (tons/day).
TBLS = PROD x BSDS
Calculate water to evaporators in weak black liquor
(tons/day):
WBLW = (TBLS/CNBL) - TBLS
Calculate soap recovery and black liquor solids
remaining after soap recovery (tons/day):
SOPR = SOAP x PPWD/2000.0
TBLS = TBLS - SOPR
Calculate active alkali required in sodium oxide weight
equivalent (in white liquor to digester) (tons/day):
TDAA = AALK x PPWD
Calculate wet weight of pulpwood chips into digester
(tons/day):
PWIN = PPWD/(1.0 - PWMC)
Calculate water in evaporated liquor to black liquor
concentrators (tons/day):
EBLW = (TBLS/CEBL) - TBLS

Calculate water removal In evaporators (tons/day):
WREV = WBLW - EBLW

N RTEriCy
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Caiculate water in concentrated black liquor to
recovery area (tons/day):

CBLW = (TBLS/CCBL) - TBLS

Calculate water removal in black liquor concentrators
(tons/day):

WRCN = EBLW - CBLW

Calculate white liquor volume to digester ({thousand
gallons/day):

TWLV = ((TDAA x 2000.0/AACN)/133.88058

A flow diagram (fig. 3) shows the process area and
parameters modeled in this subroutine. Parameters
calculated in this subroutine are in parentheses. Note
also that figure 3 includes parameters related to steam
demands and electric power factors used in later
subroutines.

§:|ebaroutine WDPREP: Wood preparation

This subroutine calculates the quantities of various
kinds of pulpwood required as input to the wood
preparation area. Six kinds of pulpwood are included in
the model: hardwood species-roundwood, purchased
whole-tree chips and purchased “clean” chips; and
softwood species-roundwood, purchased whole-tree
chips and purchased “clean” chips. This subroutine
also calculates the quantities of wood “residues,” bark
and fines, generated in the wood preparation area. A
total of 27 items of data is required by this subroutine:

HBPC -Waeight ratio removed as bark in debarking
hardwood roundwood pulpwood (ratio of total
dry weight of purchased roundwood including
bark).

HCHM -Moisture content of hardwood purchased
“clean” chip pulpwood (decimal ratio of wet
weight, average).

HTCF -Fines removed in screening hardwood
purchased “clean’ chips (ratio of total dry
weight of chips).

HWCD -Total weight per cord of hardwood roundwood
pulpwood, wet weight basis (pounds/cord
including bark, as purchased).

HWFR -Fines removed in screening hardwood
roundwood chips (ratio of total dry weight of
hardwood roundwood chips before screening).

HWMC -Average moisture content in hardwood
roundwood pulpwood (ratio of total wet weight
of pulpwood as purchased, including bark).

HWPC -Hardwood purchased chip furnish (whole-tree
and “clean”) as a ratio of total hardwood into
digester (fraction of total dry weight of
hardwood purchased chip and roundwood
furnish).
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-Hardwood whole-tree chips as a ratio of total
hardwood purchased chips (ratio of total dry
weight of hardwood purchased chips).

-Bark and fines removed in screening hardwood
whole-tree chips (decimal ratio of total dry
weight of hardwood whole-tree chips).

-Moisture content of hardwood purchased
whole-tree chips (decimal ratio of wet weight,
average).

-Price or value of hardwood purchased ‘“‘clean”
chips ($/ton as purchased, average).

-Purchase price, t.0.b. mill, of hardwood
roundwood ($/cord, average).

-Purchase price, f.0.b. mill, of hardwood whole-
tree chips ($/ton as purchased, average).

-Price or value of softwood purchased “‘clean”
chips ($/ton as purchased, average).

-Purchase price, f.0.b. mill, of softwood
roundwood ($/cord, average).

-Purchase price, f.0.b. mill, of softwood whole-
tree chips ($/ton as purchased, average).

-Weight ratio removed as bark in debarking
softwood roundwood pulpwood (ratio of total
dry weight of purchased roundwood, including
bark).

-Moisture content of softwood purchased
“clean” chip pulpwood (decimal ratio of wet
weight, average).

-Softwood ratio of total pulpwood furnish into
digester (decimal ratio of total dry weight of
furnish).

-Fines removed in screening softwood
purchased *“clean” chips (ratio of total dry
weight of softwood purchased ‘‘clean” chips).

-Total weight per cord of softwood roundwood
pulpwood, wet weight basis (pounds/cord
including bark, as purchased).

-Fines removed in screening softwood
roundwood chips (ratio of total dry weight of
softwood roundwood chips before screening).

-Average moisture content in softwood
roundwood pulpwood (ratio of total wet weight
of pulpwood as purchased, including bark).

-Softwood purchased chip furnish (whole-tree
and “‘clean”) as a ratio of total softwood into
digester (fraction of total dry weight of
softwood purchased chip and roundwood
furnish).

-Softwood whole-tree chips as a ratio of total
softwood purchased chips (ratio of total dry
weight of softwood purchased chips).

-Bark and fines removed in screening softwood
whole-tree chips (decimal ratio of total dry
weight of softwood whole-tree chips).

-Moisture content of softwood purchased
whole-tree chips (decimal ratio of wet weight,
average).
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Calculations for Subroutine WDPREP are:

Calculate quantity of softwood chips into digester (dry
tons/day):

SPWD = PPWD x SFWD

Calculate quantity of hardwood chips into digester (dry
tons/day):

HPWD = PPWD x (1.0 - SFWD)

Caiculate quantity of softwood roundwood chips into
digester (dry tons/day):

SRPW = SPWD x (1.0 - SWPC)

Calculate quantity of hardwood roundwood chips into
digester (dry tons/day):

HRPW = HPWD x (1.0 - HWPC)

Caiculate quantity of softwood fines removed in

screening softwood roundwood pulpwood chips (fines
go to power boiler) (dry tons/day):

SRFR = (SRPW/(1.0 - SWFR)) x SWFR

Calculate quantity of hardwood fines removed in
screening hardwood roundwood pulpwood chips (fines
go to power boiler) (dry tons/day):

HRFR = (HRPWI(1.0 - HWFR)) x HWFR

Calculate quantity of softwood bark removed from

softwood roundwood (to power boiler) (dry tons/day):

SBRK = ((SRPW + SRFR){(1.0 - SBPC)) x SBPC

Calculate quantity of hardwood bark removed from

hardwood roundwood (to power boiler) {dry tons/day):

HBRK = (HRPW + HRFR)/(1.0 - HBPC)) x HBPC

Calculate required quantity of softwood roundwood

pulpwood (cords/day):

CDSW = ((SRPW + SRFR + SBRK)(1.0 -
SWMC)(SWCD/2000.0)

Calculate required quantity of hardwood roundwood

pulpwood (cords/day):

CDHW = (HRPW + HRFR + HBRK)/(1.0 -
HWMC)(HWCD/2000.0)

Calculate quantity of screened softwood purchased

chips into digester (dry tons/day):

SPCH = SPWD x SWPC

Calculate quantity of screened hardwood purchased

chips into digester (dry tons/day):

HPCH = HPWD x HWPC
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Calculate quantity of softwood fines, including fines
from whole-tree chips and “clean” chips screening
(fines to power boiler) (dry tons/day):

SWCF = ((SPCH x SWTC)/(1.0 - SWTF)) x SWTF
SPCF = ((SPCH x (1.0 - SWTC))(1.0 - STCF)) x STCF

Calculate quantity of hardwood fines, including fines
from whole-tree chip and ‘‘clean” chip screening (fines
to power boiler) (dry tons/day):

HWCF = (HPCH x HWTC)(1.0 - HWTF)) x HWTF
HPCF = ((HPCH x (1.0 - HWTC))/(1.0 - HTCF)) x HTCF

Calculate quantity of “clean” softwood chips including
fines (dry tons/day):

SPCC = (SPCH x (1.0 - SWTC)) + SPCF

Calculate quantity of softwood whole-tree chips
including fines (dry tons/day):

SPWC = (SPCH x SWTC) + SWCF

Calculate quantity of “‘clean” hardwood chips including
fines (dry tons/day):

HPCC = (HPCH x (1.0 - HWTC)) + HPCF

Calculate quantity of hardwood whole-tree chips
including fines (dry tons/day):

HPWC = (HPCH x HWTC) + HWCF

Calculate quantity of “ciean” softwood chips as
received (tons/day) (wet weight basis):

SCCW = SPCC/(1.0 - SCHM)

Calculate quantity of softwood whole-tree chips as
received (tons/day) (wet weight basis):

SWCW = SPWC/(1.0 - SWTM)

Calculate quantity of ‘‘clean” hardwood chips as
received (tons/day) (wet weight basis):

HCCW = HPCC/(1.0 - HCHM)

Caiculate quantity of hardwood whole-tree chips as
received (tons/day) (wet weight basis):

HWCW = HPWC/(1.0 - HWTM)

A flow diagram (fig. 4) illustrates the process area
modeled in this subroutine. Parameters calculated in
this subroutine are shown'in parentheses. Note also
that the results obtained in this subroutine will be
based in part on the quantity of pulpwood required in
the digester, as calculated in subroutine DIG.
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Subroutine RECBLR: Recovery boiler,
lime kiln, and recausticizing area

This subroutine calculates the quantity of steam heat
energy generated in the recovery boiler, with
concentrated black liquor as fuel, and calculates the
quantities of various other inputs required in the
chemical recovery, recausticizing, and lime system
area. A total of 16 items of data is required for this
subroutine:

ACTV -Activity of white liquor (ratio of active alkali to
total alkali, in sodium oxide weight
equivalents).

AVLM -Lime availability (active calcium oxide weight
ratio of total lime to slaker) (Remainder is
assumed to be inert material in causticizing
reaction.)

CAUS -Causticizing efficiency of causticizing reaction
(measured as the weight ratio of sodium
hydroxide to sodium hydroxide plus sodium
carbonate in white liquor, expressed in sodium
oxide weight equivalents, and in which the
sodium hydroxide content of green liquor has
been subtracted from the white liquor content
{standard TAPPI definition)).

CNMD -Consistency of the filtered lime mud entering
the lime Kiln (dry weight of lime mud solids
ratio of total weight of filtered lime mud).

-Average combustion heating efficiency of kiln
fuel (ratio of higher heating value of fuel which
is not lost in combustion gases and excess air
exiting the kiln).

FLMR -Weight fraction of total lime mud recycled to
the mud washer, representing uncalcined
material captured in the lime kiln flue gas
scrubber and emissions separator.

HHKF -Average higher heating value of kiln fuel
(million Btu/fuel unit).

HRRB -Effective heat recovery ratio of recovery boiler
(decimal ratio of gross heat energy value of
black liquor solids recovered as steam heat
energy (adjusted for total heat inputs to
furnace and heat of reaction correction, as
well as for combustion heat losses). (Not to
be confused with combustion heat recovery
efficiency of recovery boiler.))

HVBL -Gross heat energy value (higher heating value)
of black liquor solids (Btu/dry pound).

PLMU -Purchased lime make-up (average weight ratio
of total lime to slaker which is purchased or
“make-up” lime).

PPKF -Average purchase price of kiln fuel ($/fuel unit).

PPLM -Purchase price, f.o.b. mill, of purchased lime
($/ton).

SVSC -Sales value, f.0.b. mill, of surplus salt cake
generated in chemical recovery and
desulfurization areas ($/dry ton of surplus
saltcake).
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SSWL -Sodium sulfate ratio of total alkali in white
liquor (one-half weight ratio in sodium oxide
equivalents).

TKEG -Temperature of kiln exit gases (°F, average).

TKPD -Average temperature of kiln product solids
exiting kiln (°F).

Calculations for Subroutine RECBLR are:

Calculate heat energy to steam in recovery boiler
{million Btu/day):

HSRB = TBLS x (0.002) x HVBL x HRR8
Calculate weight equivalent of total atkali {total sodium

compounds) in white liquor, in sodium oxide weight
equivalent (tons/day):

TALK = TDAAJACTV

Calculate weight equivalent of sodium sulfate in white
liquor, in sodium oxide weight equivalent (tons/day):
SDSL = TALK x SSWL

Calculate weight equivalent of sodium cérbonate in

white liquor, in sodium oxide weight equivalent
(tons/day):

SDCA = TALK - (TDAA + SDSL)

Calculate weight equivalent of sodium hydroxide
produced in causticizing reaction, in sodium oxide
weight equivalent, corrected for sodium hydroxide

present in green liquor, based on TAPPI definition of
causticizing efficiency (tons/day):

SODH = (CAUS x SDCA)/(1.0 - CAUS)

Calculate actual weight of calcium oxide needed in
causticizing reaction (tons/day):

CAOX = SODH x (56.0/62.0)

Calculate quantity of purchased lime required
(tons/day):

PLRQ = (CAOX x PLMU)(AVLM)

Calculate total weight of lime produced in lime kiln to
slaker (tons/day):

TWLP = (CAOX/AVLM) - PLRQ

Calculate weight of inert material in lime from lime kiin
to slaker (tons/day):

WINR = TWLP x (1.0 - AVLM)

Calculate theoretical dry weight of lime mud to lime
kiln (tons/day):

WTLM = ((TWLP - WINR}) x (100.0/56.0)) + WINR
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Calculate actual dry weight of lime mud to lime kiln
after correcting for particulate emissions and recycled
fraction (to mud washer) (tons/day):

WTLM = WTLM/(1.0 - FLMR)

Calculate weight of water entering lime kiln with
filtered lime mud (tons/day):

WIMK = (WTLM/CNMD) x (1.0 - CNMD)

Calculate heat energy requirements for lime kiln
(miltion Btu/day) (assuming ambient temperature of
70°F):

(A) Energy required to evaporate water in lime mud
entering kiln:

WTEN = WIMK x (0.002) x (970.0 + (212.0 - 70.0) + (0.46 x
(TKEG -212.0)))

(B) Energy into kiln product, assuming a specific heat
of 0.25 Btu/pound of kiln product/*F above ambient
temperature:

PLEN = TWLP x (0.002) x (TKPD - 70.0) x 0.25

(C) Energy required for dissociation of calcium
carbonate in lime kiln, assuming a heat of dissociation
of 1,390 Btu/pound of active calcium oxide in lime kiln
product:

HDEN = (TWLP x AVLM) x (0.002) x (1390.0)

(D) Energy into carbon dioxide produced in dissociation
reaction, assuming a specific heat of 0.25 Btu/pound of
carbon dioxide gas/°F above ambient temperature:

CDEN = (TWLP x AVLM) x (44.0/56.0) x (0.002) x (0.25) x (TKEG -
70.0)

(E) Calculate energy into recycled lime mud (e.g. flue

gas dust) captured in scrubber and separators,

assuming a specific heat of 0.25 Btu/pound of
“dust”/°F above ambient:

EMEN = (WTLM x FLMR) x (0.002) x (TKEG - 70.0) x 0.25

(F) Calculate total heat energy requirements including a
15.0% factor for thermal radiation heat losses:

THEN = (WTEN + PLEN + HDEN + CDEN + EMEN) x 1.15

Calculate gross energy input requirements in kiin fuel
(million Btu/day):

GHEN = THEN/EFKF
Calculate kiln fuel required (units/day):
TKFR = GHEN/HHKF

A flow diagram (fig. 5) shows the process area modeled
in this subroutine. Parameters calculated in this
subroutine are in parentheses. Note that figure 5
includes parameters related to steam demands and
electric power factors used in later subroutines. Note
also that the results of this subroutine depend on the
quantity of black liquor solids, as calculated in
subroutine DIG.
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Subroutine ELEC: Electric
power requirements

This subroutine calculates total electric power
requirements of the overall process. A total of 19 items
of data is required:

(Total connected horsepower of machines and
equipment by mill area):

HP (1) - Wood preparation

HP (2) - Digester and turpentine area
HP (3) - Washing and refining

HP (4) - Stock preparation

HP (5) - Paper machine area

HP (6) - Additives area

HP (7) - Finishing and shipping

HP (8) - Water supply and treatment
HP (9) - Waste disposal

HP (10) - Power boiler, feedwater, and condensate areas
HP (11) - Coal handling

HP (12) - Recovery boiler area

HP (13) - Evaporators area

HP (14) - Lime kiln and recausticizing
HP (15) - Air supply system

HP (16) - Odor collection system

AEFU -Average efficiency of electrical energy use in
mill equipment (decimal ratio of electric energy
demand).

ALFC -Average power load factor for mill equipment
(decimal ratio of total connected horsepower).

ANML -Average nonmotor load for mill and related
facilities, for lighting and miscellaneous
(kilowatts).

Calculations for Subroutine ELEC are:

Calculate total connected horsepower of mill machines
and equipment:

TCHP = 0.0

TCHP = TCHP + HP (l), forl = 1t0 16

Calculate power load of mill machines and equipment
(total horsepower):

TPLD = TCHP x ALFC

Calculate total electrical power demand of mill
machines and equipment (kilowatts):

TEED = (TPLD/AEFU) x 0.746

Calculate total electrical power demand of mill,
including nonmotor load:

TEED = TEED + ANML

Note that the electric power factors are used in each of

Subroutine STEAM: Steam system,
electric power, and cogeneration area

The purpose of this subroutine is to caiculate the total
process steam demands, to balance steam demands
with steam output from the recovery and power boilers,
to determine the quantity of cogenerated electric
power, and to estimate the quantities of other related
inputs and outputs for the steam system, electric
power, and cogeneration areas of the process.

The model assumes three levels of process steam:
high, medium, and low pressure. The model also
assumes all process steam is obtained via a
cogenerating turbine, which in turn obtains higher-
pressure superheated steam from the power and
recovery bollers. The assumptions bullt into this
subroutine reflect typical conventional process design.

A total of 46 items of data is required for this
subroutine. They include steam loss ratios, heat
exchange efficiency, enthalpies of steam, feedwater,
and make-up water, ratios of steam recovered, turbine
generator efficiency, and various specific rates of
process steam demand throughout the entire process:

BFFC -Blowdown ratio for power and recovery boilers
(pounds blown/total pounds of steam produced
in boilers). (Blow to flash tanks assumed to
have low enthalpy and may be used to heat
feedwater, but heat content is not accounted
for here.)

CNSL -Losses from steam system in condensate
receiver and deaerator (pounds of steam or
condensate lost (e.g., in vents, etc.Vpound of
total feedwater to power and recovery boilers).

FWHE -Feedwater heater heat exchange efficiency
(ratio of heat input that exits in feedwater,
average).

HCCN -Enthalpy of combined condensate from steam
system to deaerator (Btu/pound of
condensate).

HCMW -Enthalpy of make-up water to deaerator
(Btu/pound of make-up water).

HHPP -Enthalpy of high-pressure process steam
(Btu/pound of steam).

HLPP -Enthalpy of low-pressure process steam
(Btu/pound of steam).

HMPP -Enthalpy of medium-pressure process steam
(Btu/pound of steam).

HSHP -Enthalpy of superheated steam from boilers
(Btu/pound of steam).

HTMS -Ratio of total high-pressure process steam
recovered as medium-pressure process steam,
excluding steam from turbines (ratio of total
high-pressure steam).
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-Price of purchased electrical energy
($/kilowatt-hour).

-Ratio of total medium-pressure process steam
recovered as low pressure process steam,
excluding steam from turbines (ratio of total
medium-pressure steam).

-Superheated steam required for sootblowers in
power and recovery boiler areas (pounds/total
pounds of steam produced).

-Sales value of surplus electrical energy
cogenerated in mill ($/kilowatt-hour).

-Turbine generator efficiency for conversion ot
steam energy to electrical energy (ratio of
steam energy consumed to electric energy
produced).

Average high-pressure process steam demands are:

HPAH -High-pressure steam for air heater in recovery
boiler area (pounds/ton of black liquor solids
to recovery boiler).

HPFW -High-pressure steam demand for power boiler
feedwater heaters (pounds/pound of feedwater
to power boiler).

HPMD -High-pressure steam miscellaneous demand
volume (pounds/ton of product).

HPPB -High-pressure steam demand for power boiler
area, air heaters, and miscellaneous
(pounds/pound of steam produced in power
boiler).

-High-pressure steam demand of paper
machine and vacuum pump turbines
(pounds/dry ton of paper or paperboard
product). (This steam discharges to medium-
pressure process steam header.)

-Losses from high-pressure process steam
system (ratio of total high-pressure process
steam not returned in condensate).

SMEC -Medium-pressure steam demand for emissions
control (electrostatic precipitators) in recovery
boller area (pounds/ton of black liquor solids
to recovery furnace).

SMJE -Medium-pressure steam for steam jets in
evaporators (pounds/ton of black liquor solids
into evaporators).

SMLH -Medium-pressure steam demand for secondary
black liquor heater in recovery boiler area
(pounds/ton of black liquor solids to recovery
boiler).

SMMD -Medium-pressure process steam
miscellaneous demand volume (pounds/ton of
product).

SMPB -Medium-pressure steam demand for power
boiler area, air heaters, emissions control, and
miscellaneous (pounds/pound of steam
produced in power boiler).

SMPD -Medium-pressure steam demand for paper
machine dryers {pounds/pound of water
removed in heated dryer section of paper
machine).

SMSL -Losses from medium-pressure process steam
system (ratio of total medium-pressure steam
not returned in condensate).

SMST -Medium-pressure steam demand for smeit
dissolving tank in recovery area (pounds/ton of
black liquor solids to recovery boiler).

Average low-pressure process steam demands are:

SLAH -Low-pressure steam demand for air heater in
recovery boiler area (pounds/ton of black liquor
solids to recovery).

SLCN -Low-pressure steam demand for black liquor
concentrators (pounds/pound of water removed
in black liquor concentrators).

SLDA -Low-pressure steam demand for deaerator
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(pounds/pound of total feedwater).

-Low-pressure steam demand for digester
steaming vessel (pounds/dry ton of chips to
digester).

-Low-pressure steam demand for biack liquor
evaporators (pounds/pound of water removed
from blaek liquor in evaporators).

SLMD -Low-pressure miscellaneous steam demand
in recovery boiler area (pounds/ton of black {pounds/dry ton of paper or paperboard
liquor solids to recovery boiler). product).

SMAS -Medium-pressure steam demand for air supply SLPB -Low-pressure steam demand for power boiler
area (pounds/dry ton of pulp produced). area, air heaters, emissions control, etc.

SMBL -Medium-pressure steam demand for black (pounds/pound of steam produced in power

' X XX

-High-pressure steam demand of paper SLDG
machine thermocompressors for dryer

drainage (pounds/dry ton of paper or

paperboard product). SLEV

»
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Average medium-pressure process steam demands are:
SMAH -Medium-pressure steam demand for air heater
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liquor guns in recovery boller furnace
{pounds/ton of black liquor solids to recovery
furnace).

-Medium-pressure steam demand for digester
liquor heater (pounds/thousand gallons of
white liquor to digester).

-Medium-pressure steam demand for power
boiler feedwater heaters (pounds/pound of
feedwater to power boiler).

=
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boiler).

-Low-pressure steam demand for paper
machine auxiliary equipment and
miscellaneous purposes (pounds/dry ton of
product).

-Low-pressure steam demand for heating green
liquor to slaker in recausticizing area
(pounds/ton of black liquor solids to recovery
area).
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SLSE -Low-pressure steam demand for sulfur
emissions odor control, collection system
(pounds/dry ton of puip produced).

SLSL -Losses from low-pressure process steam
system (ratio of total low-pressure steam
volume not returned in condensate to
deaerator).

Calculations for Subroutine STEAM are:

Set initial feedwater enthalpy to zero:

HFWR = 0.0

Calculate initial estimate of recovery boiler steam
output (pounds of superheated steam/day):

SORB = (HSRB x 1000000.0/(HSHP - HFWR)

Calculate initial estimates of net boiler steam demands
(pounds of superheated steam/day):

-(High-pressure process steam demands, approx.)

AN
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Calculate quantity of condensate to deaerator
(pounds/day) (PBFW is feedwater to power boiler).

PBFW =(SOPB x (1.0 + BFFC))

CNDA =((SOPB + SORB) x (1.0 + BFFC)) - TSLS {(SMFW +
HPFW) x PBFW) {SLDA x (SOPB + SORB) x (1.0 +
BFFC))

Calculate enthalpy of feedwater to recovery boiler and
power boiler feedwater heaters (Btu/pound of
feedwater):

HPWT =((TSLS x HCMW) + (CNDA x HCCN) + (SLDA x
HLPP x (SOPB + SORB) x (1.0 + BFFC)) +
(HPFW + SMFW) x HCCN x PBFW) - (CNSL x
HCCN x ((SOPB + SORB) x (1.0 + BFFC))V
((SOPB + SORB) x (1.0 + BFFC))

HFWR= (HFWR + HFWT)2.0

Recalculate steam output of recovery boiler
(pounds/day):

SORB = (HSRB x 1000000.0/(HSHP - HFWR)

PO
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s HPSD = (HPPM x PPRD) + (HPTC x PPRD) + (HPAH x
o TBLS) + (HPMD x PPRD) Recaiculate net high-pressure process steam demands
o ~(Medium-pressure process steam demands, approx.) (pounds/day): N
o SMSD = ((SMPD x TWRD x 2000.0) + (SMJE x (TBLS + HPSD = (HPPM x PPRD) + (HPTC x PPRD) + (HPAH x ¥
> SOPR)) + (SMDH + TWLV) + (TBLS x (SMEC + TBLS) + (HPMD x PPRD) + (HPPB x SOPB) + .
{ SMAH + SMST + SMLH + SMBL)) 4+ (SMAS x (HPFW x PBFW)) £
CY PROD) + (SMMD x PPRD) - (HPPM x PPRD) - R
- ecalculate net medium-pressure process steam a)
:_} ((HPSD - (HPPM x PPRD)) x HTMS)) demands (pounds/day): E
; -::. —(Low-pressure process steam demands, approx.) SMSD = ((SMPD x TWRD x 2000.0) + (SMDH x TWLV) + N
q-' SLSD = {(PPRD x (SLPM + SLMD)) + (TBLS x (SLRS + (SMJE x (TBLS + SOPR)) + (SMAS x PROD) + o
W “ SLAH)) + (((SLEV x WREV) + (SLCN x WRCN)) x (TBLS x (SMEC + SMAH + SMLH + SMST + M
) 2000.0) + (SLDG x PPWD) + (SLSE x PROD) - (SMLS x SMBL)) + (SMPB x SOPB) + (SMFW x PBFW) + i
: GMSD) - SMLP) (SMMD x PPRD) - (HPPM x PPRD) - (HPSD - (HPPM x =~
) PPRD)) x HTMS)) -
Calculate initial estimate of power boiler steam output o
A8 (pounds of superheated steam/day): Recalculate net low-pressure process steam demands o
N (pounds/day): X
; SOPB = (HPSD + SMSD + SLSD - SORB + (SSSB x SORB) T
47 + (SLDA x SORB x (1.0 + BFFC))(1.0 - SSSB - SLSD = ((SLPM + SLMD) x PPRD) + ((SLRS + SLAH) x :
[ 4 (HPFW + SMFW + SLDA) x (1.0 + BFFC)) - TBLS) + (SLEV x WREV x 2000.0) + (SLCN x
3 (HPPB + SMPB + SLPB) WRCN x 2000.0) + (SLDG x PPWD) + (SLSE x “:
- PROD) + (SLPB x SOPB) + (SLDA x (SOPB + It
o Follow iterative procedure to determine the steam SORB) x (1.0 + BFFC)) - (SMLS x GMSD) - SMLP N
f:.‘-j energy balance (algorithm iterates until equilibrium ) x( - X ) >3
enthalpy of feedwater to recovery boiler is obtained): Recalculate steam output of power boiler (pounds/day): by
'.‘f Calculate total steam and condensate losses from SOPB = (HPSD + SMSD + SLSD - (SORB x (1.0 - SSSB)}(1.0 -
-2 steam system, equivalent to make-up water $sSB) 3
oy requirements (pounds/day): PPFW =(SOPB x (1.0 + BFFC) "
-: \ TSLS = (SSSB x (SOPB + SORB)) + (0.7 x BFFC x (SOPB + o
. z; SORB)) + (HPSL x HPSD) + (SMSL x GMSD) + b
G (SLSL x (SLSD + (SMLS x GMSD)) + (CNSL x ’
ol ((SOPB + SORB) x (1.0 + BFFC)) -
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::~ Check feedwater enthalpy. COLO -Oxygen content of coal (ratio of dry weight). W

o COLN -Nitrogen content of coal (ratio of dry weight). h
<. Reiterate to equilibrium. COLS -Sulfur content of coal (ratio of dry weight). A
*, CPRC -Price of coal, f.0.b. mill, for power boiler ($/ton

-.-: Calculate the enthalpy of feedwater to power boiler, out as-purchased) (supply unlimited at given price). §

X of feedwater heaters (Btu/pound of feedwater): EXAR -Excess air admitted to power boiler furnace
(decimal ratio of the theoretical minimum

amount of air required for complete

N HBFW = ((PBFW x HFWR) + (FWHE x ((HHPP - HCCN) x
- a: HPFW x PBFW) + ((HMPP - HCCN) x SMFW x combustion, average). ;
<. PBFW))/PBFW HVWD -Combustion heat energy of wood and bark o
o fuels, higher heating value (Btu/pound dry g
.r‘ Calculate the steam heat energy demand on power weight, average). X

boiler (million Btu/day) (input to power boiler PCAS -Purchase price, f.0.b. mill, of caustic soda,

N subroutine): PSC 50% sodium hydroxide (NaOHM), ($/ton). by

", _ P -Purchase price of sodium sulfate (Na,SO,) sait o
; SHDM = ((SOPB x HSHP) - (SOPB x HPFW))/1000000.0 cake for salt cake make-up ($/ton of sait ::ake). {\
3 Calculate the amount of electrical energy cogenerated RUHL -zaigé:tl:::et;euast rlrzsaiel%s:::c(‘:i%l::?:negl frgrt'i :':g E
o (kilowatt-hours/day) (1 kilowatt-hour = 3413.0 Btu of total heat energy input to ;;ower boiler). ;
energy equivalent): SDOR -Sulfur dioxide (SO,) removal from stack gases 18

COGN = TGEF x (((HSHP - HHPP) x HPSD) + ((HSHP - HMPP) in flue gas desulfurizing area (decimal ratio of

total sulfur dioxide in stack gases).

EAY

-
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o

3 x SMSD) + ((HSHP - HLPP) x SLSD)/3413.0
3 SGTP -Stack gas temperature of flue gases beyond i
.4 Calculate purchased electrical energy requirements effective heat recovery devices of power boiler ;‘_
o (kilowatt-hours/day): (°F, average). A
N _ STRS -Suifur dioxide generated from incineration of
) PERQ =(TEED x 24.0) - COGN “TRS gases” in power boiler (pound/ton of pulp
{ SREE = 0.0 production). s
‘s e WDMC -Moisture content of wood and bark fuels used
';,- Calculate surplus electrical energy, if any, produced ::,:r:'::; bolier (decimal ratio of wet weight, s
$$ and sold (kilowatt-hours/day): WMAX -Maximum quantity of wood and bark fuel that W
[ If PERQ < 0.0, SREE = {PERQ) can be used for fuel in power boiler (dry a
) If PERQ < 0.0, PERQ = 0.0 tons/day). (Coal is used for remainder of heat B
” ] energy.) X
‘,) A flow diagram (fig. 6) shows the process area modeled WODA -Ash content of wood and bark fuel (ratio of dry -
AN in this subroutine. Note that process steam demands wood weight).
are shown on this diagram and also on the other WODC -Average ultimate analysis carbon content of

process flow diagrams. Parameters calculated in this
subroutine are shown in parentheses. Note that the
results of this subroutine depend on previously
calculated values of a variety of process parameters
from other subroutines, which determine the high-,
medium-, and low-pressure process steam demands.

wood and bark fuel used in power boiler
(decimal ratio of wood weight).

WODH -Hydrogen content of wood and bark fuel (ratio
of dry wood weight).

WODN -Nitrogen content of wood and bark fuel (ratio
of dry wood weight).

>y e -
AP ae o ran

WODO -Oxygen content of wood and bark fuel (ratio of I
. dry wood weight). .
Subroutine PWRBLR: Power boiler area WPRC -Purchase price, f.0.b. mill, of wood fuel ($/dry t
; This subroutine calculates the quantities of fuels ton) (or 2x selling price of surplus fuel).
Y required for the power boiler furnace, the afmount of Calculations for Subroutine PWRBLR are: 1
sulfur dioxide in flue gases, the quantity of reclaimed
salt cake, and the quantities of other process inputs in Ca(ljculate qra;\tlt)'v of “(”°°d 3";,’ dbar!( residues produced
the power boller, odor collection, and emission control and available for fuel (dry tons/day): K
5, area. A total of 24 data items is required for this QRES = SRFR + HRFR + SBRK + HBRK “a)
Y subroutine: :
:'; CLMC -Moisture content of coal (ratio of total weight, Calcul'ateahl?‘r’\er heating value of coal via Dulong I
0. including moisture, average). tormula (Btu/dry pound):
COLA -Ash content of coal (ratio of dry weight). HVCO = (145.44 x COLC + 620.0 x (COLH + COLO/8.0) +
5] COLC -Carbon content of coal (ratio of dry weight, 41.0 x COLS) x 100.0 N
3¢ ultimate analysis). ~
\j COLH -Hydrogen content of coal (ratio of dry weight). 4
\S N
3 ;\
.Y
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f Steam trom recovery boiler: Steam from power boiter: “Note: The enthalpy X
1 —————————————————— of feedwater to »,
N (SORB) Ib steam/day, based | | (SOPB) Ib steam/day, recovery boiler >
AN on (HSRB) Btu/day heat to | | based on total steam & power boiler o
N steam, enthaipy of requirements minus feedwater heaters o
= feedwater (HFWT)*, & | | steam provided by (HFWT) is e
" enthalpy of steam HSHP i | recovery boiler calculated via :.'
{ an iterative
M R process that k.
. - Total steam requirements balances all steam ’
. Superheated High-Predsure Steam | (b/day) = Steam for energy inputs & .
> Header Steam HSHP Hi, Med., & Low pres. s Tor the -3
N v plus steam for soot mill N
. I | blowers '_{ .
o Steam for soot blowers | | > vl

i in power & recovery | (SREE) kWh/day “surplus” Y
Y boiler furnaces, l | Cogenerating system: elactric power, :
3 based on $SSB \‘/ | @ SSVSE/KWh N

« &3

g

. | Power (on :~

. ( Generator (PERQ) kWh/day purchased g

,. Turbine electric power, A
Vg ) T @ SPKWH/kWh

) Total Hi-pres. -T— k

LJ Steam demands: | | | (Cgﬁ:)n:ﬁmay S

o HPSD) 1biday, High-Pressure-Process Steam | | | e power, X
b incl. ail Header Steam HHPP | | based on steam

o process T I | enthalpies into ")

vy demands plus i Steam losses, based | & out of turbine, ‘e
R HPMD ;o HPSL | | | TGEF, & conversion :1
!& l ' 1 kWh = 3,413 Btu Loy

{ Return from Hi pres., | = I '

including steam | | | Eloctrt P
o from paper machine \ | :’cof ¢ B
2 turbines & HTMS | Sy:t:'m AL

¥ | AV "

~ Total Med.-pres. ~ 21 Medium-Pressure-Process Steam Total electric
. power
steam demands: Header Steam HMPP I requirements of mill: ;
) 6q

o~ (SMSD) Ibiday, including T~ T | (TEED) kW, based on

-t all process demands Steam losses based | | total connected hp of P
v plus SMMD | “onsmst equipment in sub- ¢
20 I i | routine ELEC & AEFU, X
3 Return from Med. pres. = | ALFC, & ANML kW ~
o including SMLS ratio | .

:'. of Med.-pres. steam | R
& all excess steam
from Med.-pres. header |

r..- Total Low-pres. Low-Pressure-Process Steam ’:'
AN steamdemands. Header Steam HLPP Mak i . o

. (SLSD) Ib/day, including i 7T§Lusp) r;;:ve&';m:" s :-.

X = all process demands Steam losses, based | total procass' steam & RS
~ plus SLMD on SLSL. WV condensate losses plus N
e Combined condensate from = blowdown & soot blower
) steam system: (CNDA) steam, make-up water

ib/day, based on total HCMW
process steam demands F\
:ninus process steam Feedwater to power & QS
:ﬁ :sse_s ————— recovery boiler: ;-::
.«\. °£g°c':‘ e Condensate Receiver |__ _____(HFWT Btuib N
] and Deaerator A
o Yy .
Q. Steam demand: SLDA — — = —

| Condensate losses. based on CNSL

A N

:-. - L%}
A Figure 6.—Steam system, electric power and cogeneration area: Subroutine STEAM. !
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Calculate heat energy recovery from coal (Btu/dry ton):

Call SUB1 (HVCO, COLC, COLH, COLO, COLN, CLMC, SGTP,
EXAR, RUHL, RCCO)

Caiculate heat energy recovery from wood and bark
fuel (Btwdry ton):

Call SUB1 (HVWD, WODC, WODH, WODO, WODN, WDMC,
SGTP, EXAR, RUHL, RCWD)

Determine total quantity of wood and bark residues and
purchased wood fuel used in power boiler (dry tons):

WM = SHDM/RCWD

If WMSWMAX, WMAX = WM

If QRES>WMAX, SURB = QRES - WMAX
If QRES>WMAX, QWOD = 0.0

it QRES>WMAX, QRES = WMAX

QWOD = WMAX - QRES

If QWOD<0.0, QWOD = 0.0

Calculate heat energy recovered from wood and bark
residues, and purchased wood fuels (million Btu/day).
HTRB = QRES x RCWD

HTRW = QWOD x RCWD

Calculate quantity of coal required (dry tons/day):
QCOL = (SHDM - (HTRB + HTRW)YRCCO

If QCOL<0.0, QCOL = 0.0

Calculate heat recovered from coal (million Btu/day):
HTRC = QCOL x RCCO

Calculate quantity of sulfur dioxide in stack gases
(tons/day):

SDSG = (COLS x QCOL x 2.0) + (STRS x PROD/2000.0)
Calculate quantity of salt cake reclaimed as sodium
sulfate (tons chemical/day; the factor of 2.21875 is the

stoichiometric weight ratio of sodium sulfate to sulfur
dioxide):

SSDS = SDSG x SDOR x 2.21875
Calculate quantity of caustic soda (50% sodium
hydroxide) required for desulfurization process (tons

chemical/day; the factor of 2.5 is the stoichiometric
weight ratio of 2x sodium hydroxide to sulfur dioxide):

CSDS = SDSG x SDOR x 2.5
Calculate purchased salt cake requirements (tons/day
of salt cake, as sodium sulfate):

PSCR = (SCLS x PROD/2000.0) - SSDS
SSCK = 0.0

18
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Calculate surplus salt cake produced, if any (tons/day):

It PSCR<0.0, SSCK = {PSCR)
It PSCR<0.0, PSCR = 0.0

Calculate weight of surplus wood fuel (wet tons/day)
(including moisture in fuel):

SURB = SURB/(1.0 - WDMC)

Calculate weight of purchased wood fuel (wet tons/day)
(including moisture in fuel):

QWOD = QWOD/(1.0 - WDMC)

Calculate weight of purchased coal fuel (wet tons/day)
(including moisture in fuel):

QCOL = QCOL/(1.0 - CLMC)

A further subroutine, SUB1 (HV, C, H, X, XN, PM, T2,
EX, HL, RC), calculates heat energy recovery from
combustion of wood, bark, or coal (million Btu/ton of
dry fuel):

HV = higher heating value of fuel (Btu/pound)

C =carbon content of fuel (ratio of dry weight)

H =hydrogen content of fuel (ratio of dry weight)

X =oxygen content of fuel (ratio of dry weight)

XN = nitrogen content of fuel (ratio of dry weight)

PM = moisture content of fuel (ratio of wet weight of fuel)

T2 =stack gas temperature of combustion system beyond
effective heat recovery devices

EX =excess air as a ratio of theoretical air required for
combustion in furnace

HL =miscellaneous radiation and unaccounted-for heat
losses, ratio of heat energy input

RC = heat recovery (million Btu/dry ton of fuel)

T1 =ambient temperature of air and fuel (= 60.0)

Calculate heat loss caused by fuel moisture and

hydrogen in fuel (Btu/dry pound of fuel):

HLMH = (970.0 + (212.0-T1) + (0.48 x (T2 - 212.0)) x (M x
9.0 + PM/(1.0 - PM))

Calculate heat loss caused by dry gas and excess air

based on specific heats of dry gases:

HLDG = (T2- T1) x (0.24 x {(H x 8.0) + (C x 2.687) -X)/0.232) x
EX +(((H x 8.0) +(C x 2.66667) -X)/0.232) x 0.768 +
XN) x 0.25 + (C x 3.66667 x 0.22))

Calculate ‘‘conventional” heat losses due to radiation,
miscellaneous and unaccounted-for losses:

HLMS = HV x HL

Calculate heat recovery {Btu/pound of dry fuel).
RCLB = HV - (HLMH + HLDG + HLMS)

Calculate heat recovery (million Btu/dry ton of fuel):
RC = RCLB x 0.002
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A flow diagram (fig. 7) shows the process area modeied
in this subroutine. Parameters calculated in this
subroutine are in parentheses. Note that bark and
fines removed from pulpwood in wood preparation are
used as fuel in the power boiler furnace, subject to the
maximum quantity of wood fuel that can be used. Note
also that results of this subroutine depend on the
steam energy balance caiculated in the previous
subroutine, which determines the quantity of steam
output required from the power boiler.

Subroutine WATER: Water supply and
wastewater treatment

This subroutine models the water supply system and
wastewater treatment, including calculating the
quantity of mill water required, the quantity of water
treatment chemicals, the quantity of wastewater
effluent, and the quantity of effluent treatment
chemicals required. Seven items of data are required:

EFLF -Effluent flow to wastewater treatment facilities
of mill (gallons/dry ton of paper or paperboard
product).

ETCH -Effluent treatment chemicals (nutrients such
as nitrogen and phosphoric compounds) (units
(gallons, pounds, etc.)thousand galions of
untreated effluent).

PETC -Average price of effiuent treatment chemicals
($/unit (gallons, pounds, etc.)).

PWCH -Average price of feedwater treatment
chemicals ($/unit of chemical (pounds, gallons,
etc.).

PWTR -Price of mill water ($/thousand gallons of
water input requirements).

WATR -Miil water requirements (gallons/dry ton of
paper or paperboard product output).

WTCH -Water treatment chemicals required (average
units (pounds, gallons, etc.)thousand gallons
of water into mill).

Calculations for Subroutine WATER:

Calculate total mill water input requirements (million
gallons/day):

TMWR = WATR x PPRD/1000000.0

Calculate mill water treatment chemical requirements
(units of chemicais (gallons, pounds, etc.)/day):

TWTC = WTCH x TMWR x 1000.0

Calculate total effluent flow to wastewater treatment
(millions of galions/day):

TEFL = EFLF x PPRD/1000000.0

Calculate effluent treatment chemical requirements
{units of chemicals (gallons, pounds, etc.)/day).

TETC = TEFL x ETCH x 1000.0

A fiow diagram (fig. 8) shows the process area modeled
in this subroutine.
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Subroutine SALES: Sales revenues,
material, energy, and labor costs

This subroutine calculates total process revenues, and
material, energy, and labor costs (revenues and costs
are calculated per year, per day, and per ton of product)
based primarily on all of the process input and output
calculations of the previous subroutines. A total of 13
items of data is required:

AMLB -Average maintenance labor requirements -
(number of hourly wage maintenance workers
needed/day (8-hr shifts each)).

AMWG -Average maintenance labor wage rate,
including all fringe benefits and related
expenses ($/hr).

CCTC -Cost of cooling tower chemicals (cooling
system for process water) ($/ton of paper
(board) product).

CFWC -Cost of feedwater chemicals for treatment of
boiler feedwater ($/ton of paper (board)
products).

DFCS -Cost of dryer felts for paper machine dryers
($/dry ton of product).

DPYR -Effective number of days per year that the mill
is in operation (daysl/year).

EXLB -Average nonprocess labor requirements
(number of hourly wage non-process workers
needed/day (8-hr shifts each)).

EXWG -Average nonprocess labor wage rate, including
all fringe benefits and related expenses ($/hr).

PLWG -Average process labor wage rate, incltuding all
fringe benefits and related expenses ($/hr).

PSLB -Average process labor requirements (number
of hourly wage process personnel needed/day
(8-hr shifts each)).

RCST -Cost of roll covers for finished rolls of paper or
paperboard product($/dry ton of product).

WCST -Cost of wires for paper machine ($/dry ton of
product).

WFCS -Cost of wet felts for paper machine ($/dry ton
of product).

Calculations for Subroutine SALES are:

Calculate mill revenues for paper (board), turpentine,
“gsoap,” surplus electrical energy, excess reclaimed salt
cake, surplus bark ($/day):

R(1,1) = SVAL x PPRD

R(2,1) = TPSV x TRPD

R(3,1) = SOPP x SOPR

R(4,1) = SVSE x SREE

R(5,1) = SVSC x SSCK

R(6,1) = (WPRC x 0.5) x SURB
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’y Power boiler fuels: )
> Wood Fuel (QRES) dry tons bark & fines/day ,
- St removed from pulpwood in wood {4
. orage & preparation |

' }'x. Handling Y
N System (QWOD) dry tons purchased wood fuel/ R
0 day, @ SWPRC/ton as-purchased :
’ ) (QCOL) dry tons purchased coal/day, &
L $ Wood @ SCPRC/ton as-purchased
1% Caustic soda (50% NaOH) tuel ¢

- for salt cake reclaim: . .

W Note: Fuel quantities based o’

N (CSDS) tons/day, on: (1) All bark & tines are A
" @ SPCASIIOII. bam on um. ww to M. )

! SDOR & stoichiometric Coal Fuel (SHOM) & to maximum wood fuel .
o ratio of 50% NaOH to Storage & allowed in furnace WMAX;

- so, Handling (2 Any surpius bark & tines <
System are sold at ¥» SWPRC/ton; ,
(3) Purchased wood fuel makes
IR up remaining
Pl subject to the limit of WMAX; %

{4) Purchased coal makes up ;

® remaining needs; ,
e Emissio? C|ontrol (5) Heat energy to steam in 3

e Desulfurization 10* Btu/dry ton for '

e ReClaimed sail cake & Sait Cake Coal wood fuel (RCWD) & coal ;
1% < 2 : Reclaim (RCCO) is based on: EXAR, RUHL, S
2 (SSDS) tons/day, based SQTP, YWD, (HVCO), WDMC, CLMC, 7

) on SDOR & stoichiometric WODC, COLC, WODH, COLH, WODO, N
ratio o . to SO,

\ ’ io of Na,SO, to SO 20!.0. WODN, COLN, WODA, COLA, .
N Total SO, in flue gases: 1 Odor reduced sulfur e
.':’\- (SDSG) tons/day, based Sug}l'r‘:mnpounds. Collection ::oc:\pounds,t.d ‘m "
Y on S from odor . System er Doher fu o)
A collection & from power boiler furnace !
N coal fuel 7'(

o | Steam demands from
. Flue gases subroutine STEAM:
~ — —  SLSE Itvdry ton pulp )
Sty Heat to steam in power boiler: ‘3
oo (SHOM) 10° Btu/day, based Funace HPPB 1b req b &
. on steam output Boilor T T T T SMPB Ib reasb produced
' == SLPB b req./Ib produced -
i\.: Blowdown steam: | @
"X BFFC ratio of | Power boller feedwater vt
O\ steam output | (= superheated steam o
2% W | utput of power
ANy == | boiler plus blowdown -
. - | steam, Ib/day), at
[ ] (HBFW) Btw/ib of
e | feedwater, based on
| FWHE M
L 4 [

Pod Power boiler feedwater F ‘_ _—— e e = — HPFW Ib steam/ib feedwater i
oo (tfrom deaerator) e;z:::,’ ‘ SMFW Ib steamvib tesdwater 0t
.4 === for Power 1

) Boiler ¥
@ Electric power factors from

ot subroutine ELEC: .
! 1.: HP(10), HP(11), & HP(18) N

..J K
¢ Figure 7.—Power boller area: Subroutine PWRBLR. \
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Water treatment chemicals:
(TWTC) units/iday, @ $SPWCH/unit,
based on WTCH

Total mill water requirements:
(TMWR) 10* gallons/day, based

Water Suppl Mill water supply:
on WATR System y < —  (TMWR) 10* gal/day,

< @ SPWTR/0" gal

v v 55
&
N P

oy

AN

b4
L]

g4

Effluent treatment chemicals:
(TETC) units/day, @ $SPETC/unit (Ib),
based on ETCH

Total wastewater effluent: \L

(TEFL) 10* galiday, Wastewater

based on EFLF Treatment [————> Treated
Facilities effluent

".~

e a s

X

"
| -
=
R

—~

:’ ™
SR

o

N &

AR

A :\';'n‘ .

Electric power factors
from subroutine ELEC:
HP(8), HP(9). & HP(15)

-

P T o

Figure 8.—~Water supply, wastewater treatment and air supply area: Subroutine WATER.
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; Calculate fuel and energy costs for coal, wood fuel, Calculate costs of other miscellaneous chemicals for
o natural gas, electrical energy ($/day): cooling tower, boiler feedwater, mill water treatment,

-7 etfluent treatment ($/day):

o veu.y) = CPRC x acot VC(18,1) = CCTC x PPRD
(. VC(2,1) = WPRC x QWOD VC(18,1) = GFWG x PPRD
LS =
: v VC(3,1) = PPKF x TKFR VC20,1) = PWCH x TWTC

o+
: VC4.1) = PKWH x PERQ o VC(21,1) = PETC x TETC

59 Calculate pulpwood and recycled fiber raw material Calculate other variable costs, for roll covers, wires, :

; costs for softwood roundwood, hardwood roundwood, t felts, dryer felts, mill water supply ($/day):

\ softwood “clean” chips, hardwood “clean” chips, wet Telts, drye J ater supply yk t
X softwood whole-tree chips, hardwood whole-tree chips, _ '
:’i recycled old corrugated, and recycled paper ($/day): VC(22,1) = RCST x PPRD ¢
() VC(5,1) = PSRW x CDSW VC(23,1) = WCST x PPRD ‘
Z"" VC(6,1) = PHRW x CDHW VC(24,1) = WFCS x PPRD b
A VC{7,1) = PSPC x SCCW VC(25,1) = DFCS x PPRD =
oA ~
$¢: VC(8,1) = PHPC x HCCW VC(26,1) = PWTR x (TMWR/1000.0) o

3 ' e

N VC{30,1) = PSWC x SWCW Calculate labor costs, for process labor, nonprocess f':

d iabor, and maintenance ($/day): n
VC(31,1) = PHWC x HWCW ,

4 VC(27,1) = PSLB x PLWG x 8.0 :
o VC(32,1) = PCOR x RCRT
AN VC(28,1) = EXLB x EXWG x 8.0 p
¥ \:. VC(33,1) = PPAP x RPPT o

- VC(29,1) = AMLB x AMWG x 8.0 ;

p O Calculate costs of additives in stock preparation for

a e alum, sulfuric acid, starch, defoamer, rosin, slimicide
} ($/day):

o7, VC(9,1) = PALM x TALM 7S
iy € :(

59 VC(10,1) = PACD x TACD ;

3 '. ﬁ !

A5 VC(11,1) = PSTC x TSTC *
VC{12,1) = PDFM x TDFM
3',:5 VC(13,1) = PRSN x TRSN @
L] ‘>
>3 VC(14,1) = PSLM x TSLM v
A, Y
s 1 Calcuiate costs of make-up and reclaim chemicais for
L ] kraft process for salt cake, lime, caustic soda for sait
cake reclaim ($/day): N

o VC(15,1) = PPSC x PSCR ,

i e 13

o VG(16,1) = PPLM x PLRQ .

Y .
® .
. VC(17,1) = PCAS x CSDS ‘

S \
‘~ »

3 3
) X

L% ¢ ’\
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Sample Program Output

Figure 9 shows a sample of the program output. The
output includes material balances, steam and energy
balance, electric power, fuel and chemicals summary,
and a revenue and cost summary for the overall
process.

The output is largely self-explanatory. The material
balances show the inputs and outputs in various parts
of the overall process. The steam and energy balance
shows the quantities of steam and energy produced in
the recovery and power boilers, and the various steam
and energy demands. Note that the steam demands
and losses balance with steam output of the boilers.
The revenue and cost summary provides an economic
interpretation of the overall process. “Contribution
margin” is total revenues minus total variable costs.
Contribution margin is the net amount of revenues that
can be regarded as available to cover fixed costs and
capital costs, with the remaining amount available for
earnings or profit. Taxes are not considered here.
Note also that the variable costs include some items,
particularly labor, that are probably “semivariable” in a
strict sense. That is, as level of production increases
or decreases, labor cost and other “semivariable”’ costs
will not change in direct proportion.

The sample data values presented in the appendix were
used to obtain the output in figure 9.

e <, V'.f -( LA AT AN ‘.‘ AR J‘ ™, ‘ .".,L\ 19 1% PO ¥ At Nt
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User Notes, Guidelines, and Summary

A complete Iisting of the sample data and the program
are provided in the appendix. Data are read
sequentially by each subroutine. The program uses the
input format corresponding to the data list in the
appendix, and includes complete output format
corresponding to the output shown in figure 9.

The mathematical procedures used in the model were
designed to be simple and straightforward, although
the overall process is complex. The model and sample
data were verified by comparison with physical
parameters and estimated cost data provided by a
consulting engineering firm that has been invoived
recently in design and installation of unbleached kraft
paperboard mills. The model and sample data
correspond to modern mill and process design criteria
as verified in informal contacts with numerous industry
personnel and reviews of numerous trade journal
articles describing features of specific modern mills.
The model has also been tested at a variety of extreme
parameter values and appears to provide reasonable
and satisfactory results.

The computer model permits a user to make quick,
precise estimates of the effects of major economic,
technological, or physical changes in an overall
conventional unbleached kraft paperboard production
process. With the model, users can develop their own
basic set of data that reflects their concept of
conventional process design and conventional process
parameters. Then the user may adjust the basic set of
data to reflect a specific process or economic change,
and can obtain precise estimates of the effect of that
change in a matter of minutes, using the computer
model. The model is also inexpensive to run. Thus it is
useful in evaluating research opportunities, process
alternatives, and the results of appiied technical
research on the unbleached kraft paperboard process.

One final word of caution is necessary. The user must
keep in mind that changes in one or several of the data
parameters might necessitate changes in other data
parameters. For example, if pulp yield is changed, it is
probably true that the amount of black liquor recovered
per ton of pulp wiil need to be changed also. Other
data parameters can also be affected. Therefore, the
user needs to have some familiarity with the overall
process and with the way in which various data
parameters are likely to be related to each other. A
general rule to follow in using the model is the
following: Whenever changes are made in any of the
data, review all of the data to see if corresponding
changes must be made in other values too. After a
user develops familiarity with the model, that procedure
will likely become second nature.
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v“ NATERTISLY SaLawcCE 15, DISESTER, PULP wasHING AND EVAPORATORS o
_$4 A, GEIGNT OF PULP OUY OF wasnEns (1.F)1 -
. T.  STOCK PREPARATION, AODITINGS, PABER maCWing, -
N FINISHING AND SHIPPING AREAS -
" I378.7 ORY TOWE/DAY o
e Ao FINISHWED PRODUCT OUTPUTH .
. .
=4 $800,0 DRY TONS/DAY 8. PULPNOOD CHIPS INTO DIGESTER) '$
", (w01 CONTENT 6.0 & TOTaL &V, B4 5
o t1a TONS/04v PROOUC Y wuv u- oy wr.) 973.3 0AY ToNR/0AY .
[ t o TONS/04Y, WATER 1N SROOUCT -
P 8. RECYCLED ORY SROXE (TO STOCK PAEP.)s C. TURPENTINE RECOVERY FRO® CHIPSS £
{} 33.0 DRY YONS/OAY 3.3 TONS/0AY \,':
.
L
:: C. TYOYAL PAPER WACHINE ANO DRYER THAGUGHPUT (4 o B3 “-_.
L)
" ,u‘ 1838,0 ONY TONS/OMY 0. BLACK LIGUOR SOLIDS IN wEAK B8LACK M,
Sy ) (TRIwNED REEL WIOTMY 328, INCHES) LIQUOR FAON WASHERS TO EVAPORATORS S
LS CAVERAGE SPEEDC 1437. LIN, FY ,
- (naxgnum SPEEOT 1716, LIN, PT, 1003.5 TONS ORY S0LIDS/DAY ™ ol
S (30L308 CONTENT) 5.0 %) ol
O. ADOITIVES AND RECYCLED WATERIALS IN BTOCK
1\ PAEPARATIONY €. 30AP RECOVERY FROMN SLACK LIGUORS .
16,0 TONS/OAY 4LUM 100.1 DRY TONS/DAY 5
16,0 TONS/04Y ACID ~
LY o0 TONS/DAY STARCH »
' 1.2 TONS/0AY OEFOANER
b 1.0 TONS/DAY ROSIN Fo WATER REMOVALS IN CVAPORATORS & CONCENTRATORS:
~ o5 TONS/OAY S1INICIDE -‘g.
| t +0 ORY TONS/OAY RECYCLED CORRUGATED 0522.5 TONS/DAY WATER REN, IN EVAPORATORS g
: \-‘ o8 ORY TONS/OAY AECYCLED PAPER (S0LI08 COMTENT TD CONCENTRATORS: $0.0 1) )‘_\.
‘e 763.8 TOMB/OAY WATER REN, IN CONCENYRATORDY [
B €. TOTAL WEIGNT ADDITIVES AND RECYCLED WATERIALS IW C30LIDS CONTENT TO RECOVERY SOSLERI 3.0 %) LN,
: PROOUET (INCLUDES sLL RECYCLED AT RECOVERY MATE,
ALL ALUW, STANCW, WOSIN., PLUS WALF OF ACID.
OEFOANEN, & SLINICIDE) .
6. OLACK LIGUOR CONCENTRATE TO RECOVERY SOILERS o
23.3 DAY TONS/DAY A
1697.4 TONS ORY SOLIOS/DAY ‘e
F. BEIGHT OF PULP INTO BTOCK PREPARATION FROM ‘
DICESTER (A « €2 2
M. WHITE LIGUOR TO OICESTERY s
1376.7 DAY TONS/DAY Y o
990,86 THOUSANO GALLONS/OAY o
G. WATER REWOVAL IN DRYER SECTLONS $73.1 TONS/DAY ACTIVE ALxALI .
(3001UN OXIOE EQUIVALENT) .
2060.9 TONS/DSY € 18,5 X 0F w0OD WEIGHT) -

(AvG, MOIDY, COMT, INTO DRYER

e8.0 % TOTAL wT,) )
(AVG, NOIOT, CONT, OUT OF DAVER

¢ X TOTAL wY,)

o
N N
~ 111, %O0D PREPARATION ARZAS © AVG, SUANTITY OF SCLEAN® MARDNOOD 0
Ay CHIPS REQUIRED PER DAYy ‘.
> .
s 3. YOLUWE OF PULPWOOD INTO DISESTER (51.8)) 39.8 DAY TONS/DAY, X
o 9.6 Tons/oar, 4’ atceiven ~
- 2573.3 oav ToNs/oAY ,
~ (MOISTURE CONTENTY $0.03) "
.
8. VOLURE OF BASR ANO FINES RENOVED 30.6 DRY TONS/OAY TO DIGEITER
) %0 20UTED TO POWER SOTLER 1.2 DRY TONS/DAY FINES .
330.0 DAY TONS/OAY o

o ® AYG, QUANTITY OF SOFTNOOD WHOLE=TAEE CHIPN »

'Y C. TOTAL VOLUE OF PLLAWOOD REQUINED WEQUINED PER DaYs ‘.c‘

\ ToLUOTRG Bian awo PINEE COEE BELOW )5
- 933.7 ORY TONS/DAY, -

A 29040 DAY Tous/DaY 1071.4 TOND/OAT, 48 RECEIVED K

N .. ousnrITy o0 sorT (MOISTURE CONTENT S0.0%) W e

(u « AVE. QUANTITY 0D ROUND¥O0D

A elmndal i TR e o3
® 1150.3 OAY TONS/OAY, OR *
a71.3 CORDS/DAY
By (MOISTURE CONTENTT $0,0%) © AYG, BUANTITY OF NARDNODD WWOLE=TREE CHIPS :

S RECUIRED PER DAYY ]
s } 0oy Tousroay eatn T TE" 0.3 oRY ToNs/oAY )
o ay
e 20,1 o8y Tongsoay PINES 10,7 Tonssoar, 43’ mEcEiven
.i\ (MOISTURE CONTENT 89,072 .

. © AVG, GUANTITY OF HAROWOOD ROUNDWOOD
o PULPRO0D RESUINED PER BATS $7.9 ORY TOWS/DAY TO DISESTER
R 6.4 ORY TONS/DAY FINES

337.6 ORY TONS/0AY, OR
230.0 COR08/0AY
(ROISTURE CONTENTE $0.0%) »
o~
2023 o8y Towasoay 10 DistaTER A
a2.2 ORY TONS/OAY O -
$,9 ORY TONB/DAY 'l'. '
« A
~
© AYS, GUSNTITY OF SCLEAN® SOFTNOOD xR
CHIPS REEUIRED PER DAY "

a8

372,1 OBY TONB/DAY,
708,1 TONB/DAY, AP ll“"l'

(MOTSTURE CONTENTE 36,08)

360,9 DAY TONg/DAY TO DIGESTER ~
1] OAY TONS/DAY FIMES IS
b
Figure 9.—Sample program output 1,400 T.P.D. Conventional process; 1982 Price data. }‘:\
R
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STEAN AND GROSS ENENGY

MILLION POUNDS OF
STEAN
PER DAY  PER MR,

STEAn QUTPUT:

POWER BOILER 10.923 455
RECOVERY POILER 12,561 523
TOTAL STEAN OUTPUT 23,008 e

STEAW DEWANDS:

SUPERMEATED STEAN (  1823.0 8,T.U./L0.)
SO0TELONERY 737 <31
TURBINE GENERATORS (NET ENERGY) o= -

H1GH PREJSURE PROCESS ( 1381.¢ 8.T.U./LD.)

NACH, & VAC, TURBINES 4,430
NACH. THERWOCOWPRESS, 1.302
OILER AIR NEATERS 518
SOILER FEEDNATER WIR, 253

SOILER NISCELLANEOUS
-uc. HIGH PRESSURE STEAM

NEDIUN PRESSURE PROCESS ¢ 1279.2 8,7,U,7L0,)

PAPER wACHINE DRYERS
OISZSTER LIGUOR WEATER
EVAPORATOR STEAN JETS

AR SUPPLY AREA

ENISSIONS CONTAOL,REC.BLR,
AIR MEATERS, REC,OLR,
OISIOLVING TANK

SEC, BLACK LIQ, WIN,

BLACK LIg. SUND, REC.OLR,
POWER BOILER FEEDWATER W
PONER BOILER AREA MISC,
wISC, WED. PARISURE ITEAM
(3TEAn FRON HIGH PRESIURE

SALAaNCE

DAY

15843,9
17875,0

1008,7
pIL L6

77307
lt:l.‘

NEAT ENERGY
ewMILLION B T, em
PER HR,

(1104
Ted.0

308,33¢

PROCESS) (SIS [T STt TIRY I T T TIRN Y
NET STEAN ENERGY BALANCE
WEAT ENERGY
wosecoNILLION 8,7,V ccaenee
PER DAY  PER WR.  PER TON
NET ENERGY ADDED TO STEANW SYSTEN, INY
DEAERATOR & WAKE<UP WATEA 2, 1.57
PONER BOILER FEROMATER HEATER ., 1,46
PONER BOILER 1e 7,58
sgcoveny BOILER. . 16800, o0, 10,33
T0TaL WET ENERGY 92, e, 20,0
NET ENERSY SUSTRACTED PROW STEAW SYSTEN, [Me
SUPERNEATED STEAN
S00TBLORERS ", o8
TURSING SENERATONS 133, 2.2¢
HIGH PREGSURE PRGCESS
PAPER NACHINE TUROINES ass, 1, 32
OTEAR TO REDIUN PRESSURE PROCESS 138, [ .10
SYEAR 7O CONDENSATE s, ", 1,00
Tean L0888 [N [ o
NEOTUN PRESSURE PROCESS
SYEAN TO LOW PRESSURE PROCENS 2. i, -
STEAN TO CONDENSATE s, 308, a2
TLam LOSSES U o, .70
LOW PRESSUNE PROCESS
STEAn 10 CONDENSATE s, “s, 7.12
814n LOSSES s, 113, 1.9¢
TOTAL WEV EMERGY 29270, 1220, .0

(NOTEs TOTALS may NOT AGRELL PRECISELY)

LON PRESSURE PROCESS (  1219,8 8,7,U,/L8.)

PAPER NACNINE AUX, EQUIP,. 2.800
GREEM LIGUOR MEATER «393
ATl EC.BLN, 1429
ILACK LISuOn) 3.307
(BLACK Ljauom) $.082
OIGESTER STEANING VESIEL 718
0DOA CONTROL aY3TEM 1.49%
PONER ROILER AREA WigC, «0bs
OEAERATOR (FECONATEN) 2.2 .
MISC. LOW PRESBURE STEAN 000 4
(BTEAN FROR WED, PRESBURE
PROCEDS) € <080 ( 08¢
TOTAL STEAM DENANDS 23,488 +91e

NAKE=UP wATER REOUIRED a,8t? o182

PEEDNATER ENTNALPY 209,68 0,7 4,10,

ENTHALPY OF VARIOUS FLONS

1IN THE STEAW SYSTER
ENTHALPY
(8,7T,V,718.)

CONBINED CONDENDATE e
C(INTO CONDENSATE RECTIVER PRON "R!lll

WART=UP WATER "0
(INTO DEAERATOR)

PRINARY PEEOHATER e,
(T0O REC. BOILER AND P.B. FEEDWATER l(l'!‘l’

FEEOWATER TO POWER SOILEN 91,0
(PRON P,8, FREDWATER MEATERS)

SUPERREATED STEAN 14238
tFRORN BOILERS, TO TURGINE)

NIGH PREOSURE PROCESY STTAN 1301.0
(FROn TURBINE)

PED, PRESSURE PROCEDS BTEAN 12792
(FPRON TUNBINE)

LOw PRESSURE PROCESRS STEAN 12198

(FRON TURSINE)

Figure 9.—Sample program output 1,400 T.P.D. Conventional process; 1982 Price data (continued).

102.3
17,9
21.8

168,0
2.9
30.3
8,7

3.3

113.8

13

22,00

1302,%
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REVENUES COBTS PROFIT CONTRIBUTION STOCK PREP, AND PAPER NACNINE ADOITIVES COSTS M
1020, 130 saetee, oot
1083, o 304330, b
[ o0 [ NN
S/0AY  S/DRY TON  S=ANMUAL 1023, 73 303387, .
[ 0] 3 380 TON) 09, «93 216193, b
REVEMES HInICINK (® 8 808, 00/70W) a2, . L 192339, ey
PAPERGOARD PRODUCT (9 B396,.00/0RY TON) 486000, 290,00 100130000, -
TURPENT INE (08 J00/8ALLON) a0, o0t 301004, .
TALL OIL S0AP (0 8 68,80/70N) 718, Sa40 2302848, "
OTHER NISCELLANEOUS CHENICALS COSTH :
TOTAL REVEWES 10087, 293,76 186993048, COOLING TONER CHENTCALY 1. -0 19080, b:
SOILER PEEOWATER CWINICMLS 18, ot Saere, y
WATER TREATNENT CHENICALS a0, 3 189851, \
EFPLUENT TREATRENT CHENICALS 79, N1 203808, 4 R
PULPWO0D COSTS ‘.}
nnmo AOUNONOOD (¢ § 33,00/L00D) areds, 30,23 17011973, -
ARDNOCD ROUNOWOOD (& 8 34.00/C0N0) 029%., 5,93 2948134, OTHER VARIABLE COBYS g
'Cl.lll' S0FTHO0D CHIPS l‘ 0g/100) 20836, 18,80 739790, A
SCLEANT MARDNODD CNIPS L} T0N) 1874, 1.19 93322, FIRISNED AOLL COVERI 168, o2 59680, -
SOFTNO0D WHOLE-TREE ﬂ‘l'l (1] «00/770M) 33688, 20,00 19930078, Partn Iltlﬂ‘ lllll 1088, oI 3TYYRE.
HARONOOD WHOLE=TREE CHIPS (¢ 8 15,00/T0N) 20989, 1,47 730022, oY PELYS 1508, 3.2 5500080, .
onven PELYS 1188, - a07580, 4
TOTAL VARIAGLE COSVS 210878, 136,34 TTININNR, 0
LasOR COSTS Ly
PROCESS LAdOR o 8 13,4%/08,) %028, 18,43 167526, K
NONSPROCESS LABOR (0 B 131.88/MR,) sale, 3.20 1391990, CONTRIBUTION WARGIN 195109, 159,602 0929197, -
NAINTENANCE LABOR (0 B 12.27/MR,) (2718 [N 1) 3275809, §
£
-
PUEL AND ENERGY COBTS
coaL to s o9,00/71T0M) 11956, .23 0102930, b
wooo 'UIL (. l ll OI'OIIl 16281, 10,17 9053473,
wAT, 6A ner) s, 6.2¢ 3102034, ?,
mnnu IL(S"!C (O 8 J033/0W) 12126, 8.0 a3080%8. ﬁ g
I
o)
NARE=UP AND SALTCAKE PMECLAIN CHERICAL COSTS )
ssLreane mangeue 3. .20 022, l“‘
LINE RAKE=yP [{ 7T00) 7. 30 250948, M
Clul"t S00A FOR RECLASM (O « 90/70N=30X) 7379, .27 2019638, .
ELECTRIC POMNER, FUELY CHERICALYS
CLECYRIC POWER BALANCE
TOTAL ELECTRIC POWER CONSUNED 1094207, RWN/9AY
CLECTRIC PONER COSENERATED 703008, Rwn/BAY
PURCHADED CELECTRIC POWER 391173, NWN/BAY
SURPLUS ELECTRIC PONER @ KUN/DAY §
by
FUEL REOVIRENENTS X
POR PONER $03LEA FURNACE
coM 1990,1 OAY TYONS/DAY
PURCHASED WOoP FUEL  393.4 ORY YONS/DAY A
"900 RESIOVES 330,60 ORY TONS/PAY
FOR LIRE NILN
nat, sas 2100, wer/OAY .,
"
LING: SaLaNCE o
LINE CONOUNES 3N BLAKING & CAVOTIZING 200,58 TONS/DAY T
[ )
LINE PRGOUCES N LINE SILW 202,76 TONB/DAY LI
PURCHADED RaRgeUP LINE 15.78  TONS/OAY
SALTCARE SaLancg
gy SeLTEANE LOSNES 20,691 TN/, .
CHECLVDING RECOVERY FROW PONER OOILER nwumm o
SALICARE AZCOVERED IN POMIR mu- otoLPURITING ‘a
+238 TONB/0AY
54080 oy i
10,357 TONS/DAY DULFUR BICZI0E IN PLVE SASES * A
750 RENOVAL RATIO .
PUREHASED SALTCARE MEOVIRES S.01e  TONS/OAY
CAUITIC 9004 (S0 PLT, SOPIUM NYDRORINE) :
FLOVINES POR BESNLFURIZING 19,450 TOND CHENTCAL/DAY .
o)
],
Figure 9.—Sample program output 1,400 T.P.D. Conventional process; 1982 Price data (continued). :J'
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